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Abstract

The Hierarchical Data Format (HDF) is a general-purposed
scientific data format developed at the National Center for
Supercomputing Applications. It supports metadata,
compression, and a variety of data structures (multidimensional
arrays, raster images, tables). FORTRAN 77 and ANSI C
programming interfaces are available for it and a wide variety of
visualization tools read HDF files. We discuss the features of
this file format and its possible uses in TRANSIMS.
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Outline

= HDF*
e motivation
o features
o platforms
o application program interfaces
« limitations
» analysis software

» TRANSIMS
» Sstorage requirements
» possible uses of HDF
o future plans
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*Most of the material presented in this section has been extracted verbatim from HDF documentation.
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Overview

HDF stands for Hierarchical Data Format.,

HDF is a library and multi-object file format for the transfer of
graphical and numerical data between machines.

HDF is a library and platform independent data format for the
storage and exchange of scientific data.

= [tincludes Fortran and C calling interfaces, and utilities for
analyzing and converting HDF data files.

= HDF is developed and supported by NCSA, and is available in
the public domain.

s  HDF is used world-wide in many fields, including Environmental
Science, Neutron Scattering, Non-Destructive Testing, and
Aerospace, to name a few.

= Scientific projects that use HDF include NASA’s Mission to
Planet Earth, and the DOE’s Accelerated Strategic Computing
Initiative.
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Motivation

Scientists commonly generate and process data files on several
different machines, use various software packages to process
files and share data files with others who use different machines
and software.

Also, they may include different kinds of information within one
particular file, or within a group of files, and the mixture of these
different kinds of information may vary from one file to another.

= Files may be conceptually related but physically separated.

= [t is also possible that data may be related only in the scientist’s
conception of the data,; no physical relationship may exist.

= HDF addresses these problems by providing a general-purpose
file structure.
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Features

versatile
 HDF supports several different data models.

 Each data model defines a specific aggregate data type and
provides an API for reading, writing, and organizing data and
metadata of the corresponding type.

« Data models supported include multidimensional arrays, raster
images, and tables.

= self-describing

* An application is able to interpret the structure and contents of a
file without any outside information.

= flexible

o With HDF, you can mix and match related objects together in
one file and then access them as a group or as individual
objects.

e Users can also create their own grouping structures.
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Features (continued)

extensible

» [t can easily accommodate new data models, regardless of
whether they are added by the HDF development team or by
HDF users.

= portable

 HDF files can be shared across most common platforms,
including many workstations and high performance computers.

* An HDF file created on one computer can be read on a different
system without modification.
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Data Storage Options

Data Descriptor List

Data Descriptor List

HDF File 1

Data Element 1

Data Element 1

Data Element 2

[ Linked Element 1 |

o

Data Descriptor List

[ Linked Element 2 |

HDF File 2

Data Element n

Contiguous Elements

TRANSIMS

[ Linked Element n |

[ External Element 1 |

Linked-block Elements

External Elements
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C and FORTRAN Language Interfaces
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Your Your
¢ Fortran-77 to C Fortran-77
Program Program

DFR8addimage mep>- | HDF Library d8aimg to DFR8addimage e d8aimg
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| nterface Documentation Example

Sreadattr/sfrnatt/'sfrcatt
imtn SDreadanning 32 [fle, sdv, dim]_ad, ine32 ane_fndlex, WVOTDH dara)

[l sols, ofiea] _sol [Nz Identificr of the object the attribute 15 o be atlached 1o: an fle_nid

for a file. an sds_fer fior an 305 or a gim_id for a dimension
[ Index of the attribute o be read

CHFLIT: Bulfer for the srribute values

Reads the values of am atirbuie,
Fetums srocEED (or o) if seotesstul and FazLior - 1) otherwise.

[t's assummeed chat the userhas called Skattrindo and that the: butter 15 large

enciagh wr seone the data 15 an aribete has moltiple values stored for i chis
rofing il retuam all af them. It s nod possahle i ressd @ subeset of aitrbose
witlues,

o thesar this routine s o Fomran-77 versiors: sfimatt and sfrcatt. The
sfrmatt roulinc reaads numeeric atcribesc deta and sPrcabtt reads chosacicr

alribure dara
Thee indiex. retammed as thee atrr_inckey arguament s one-based
integer fmecticon sfroabc{[file, =d=, dAim] id, actr incdes, dats)

integer [file, =sd=, dim]_1d, atbcr  index
=@l i memeyis darts= dars

integes Dopreiicoey sfrycatc ([Cile, =ds, dim]__id Sier drmdex, sloata)
integer [file. sds, dim]_id, acttr_indeox
character™ (") datss
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Supported and Tested Platforms for Version 4.0

E o e Ba-sic HDF HDI?'InetCDF
— — Library? Library?
:_: Sun Microsystems Sund/SunQOS V4.1.4 Yes Yes
| Sun Microsystems Sund/Solaris V2.3 Yes Yes
-g_ IBM RS6000/AIX Yes Yes
E Silicon Graphics Indy/IRIX V5.3 Yes Yes
E Silicon Graphics Indy/IRIX V6.1.32 Yes Yes
Silicon Graphics Indy/IRTX V6.1.64 Yes Yes
Silicon Graphics Power Challenge/IRIX V6.1 Yes Yes
Convex Exemplar/HPUX Yes Yes
Cray Y-MP/UNICOS Yes Yes
Cray C90/UNICOS Yes Yes
Thinking Machines CMS5 Yes Yes
Hewlett-Packard HP9000-735/HPUX V9.01 Yes Yes
Intel x86/MS-DOS V6.0 Yes No
Intel x86/MS-Windows V3.1 Yes No
Intel x86/MS-Windows NT Yes Yes
Intel x86/Sun Microsystems Solarisx86* Yes Yes
Intel x86/Linux V1.2.4 (a.out Libraries) Yes Yes
Intel x86/Linux V1.2.4 (ELF Libraries)** Yes Yes
Intel x86/FreeBSD V2.0 Yes Yes
DEC Alpha/OSF1 V3.0 Yes Yes
Apple Macintosh 68000/MacQOS V7.5%% No No
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Primary Data Structures

Raster Images J Palette

(8-bit, 24-bit and General
Raster)
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Scientific data
(Multi-dimensional arrays)

X Y //

R e 41586 | 25.697 | 78341
18 |'-|Df‘f!l1‘: L()ﬂiqir}\hi,anc 69214 | 38451 | 77549
example of each HDF datatype. | A ppotation 20182 | 67.904 | 87401 | Vdata

%(8)2{?} f;%jg 32%;3 (Tables of ints, floats, and chars)
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Application Program Interfaces

DFRS8 stores, manages and retrieves 8-bit raster images, their
dimensions and palettes in one file.

DFP stores and retrieves 8-bit palettes in one file.

DF24 stores, manages and retrieves 24-bit images and their
dimensions in one file.

= SD and DFSD store, manage and retrieve multi-dimensional
arrays of integer or floating-point data, along with their
dimensions and attributes, in more than one file.

= AN stores, manages and retrieves text strings used to describe
a file or any of the data elements it contains.

= VS stores, manages and retrieves multivariate data stored as
records in a table.

=V creates groups of any primary HDF object type.

s  GR stores, manages and retrieves raster images of several bit
lengths, their dimensions and palettes in more than one file.
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Levels of Interaction

=
= General Applications
B —
= Utilities V-| NCSA Applications |7| Commercial Applications
_ 5 U
Single File Interfaces Multi-File Interfaces
Scientific . 8-Bit 24-Bit General . Scientific
Data V| Palette V|Anmnati{ms Raster V| Ruster Raster |7| Vgroups V|Alwﬂtétllons|7| Vdata V| Data
\_/ \/ o/ \/ \/ / " \/ \_/

Low-level Interface

HD Interface m HL/HX Interface m HE Interface
\_/ \_ s
HDF File
File Header m Data Descriptor Block m Data Elements
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Data Type Definitions

Data Type C Fortran-77
8-bit signed integer int8 Not supported.
8-bit unsigned integer uint8 character*l
16-bit signed integer int16 integer*2
16-bit unsigned integer uintl16 Not supported.
32-hit signed integer int32 integer*4
32-bit unsigned integer uint32 Not supported.
32-bit floating point number float32 real*4
04-bit floating point number float64 real*8

TRANSIMS
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Scientific Data Sets (SD API)

In HDF, any multi-dimensional array qualifies as a scientific
data set or SDS If it's associated with

e adimension record and
* a data type.

= [n addition to providing a framework for storing arrays of
arbitrary dimensions and data type, the SDS data model
supports

 dimension scales,
e user-defined attributes and
o predefined attributes.

| —
-

| —
| —
|
I

%
I
—
I
—

TRANSIMS Page 16 of 50



Three-Dimensional SDS Example

Scientific Data Set

Array Number
Type

Dimension X, Y, Z

TRANSIMS

¢

Dimension X

Dimension
Attributes

Dimension
Number Type

Dimension
Scale

¢ ¢

Dimension Y Dimension Z

Dimension Dimension
Attributes Attributes
Dimension Dimension
Number Type Number Type
Dimension Dimension
Scale Scale
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SDS Program Example

Finclucs "hat . h"”

kdefine X_LENGTH §
bdeline ¥_LENITH 1%

mainf §

inclz sd_E4, ods_1d, recny

inkl? dinm[2), wbart[2], wdpan(l], cank;
incle array_dacsl¥_LBENCTHI [E_LENGTHI :
ankn 1, 37

f Ceadte and opain Phe file and inbbtiate the S0 interCaca. =/
#d_id = Shmbart{*Bosnplel.hdf®, TFACCS CRENTES §

" Dmtine the cank and dinpenmicos of the dats ssk b0 be coeaated. *7

Tank = I
dimm (0] = ¥_LEWGTH;
diF@ 1] = X LEWGTH;

4 Creace che ATray dakcs set, ¥4
#lh_id = Sheraarasd_Ld, "BEd_arvay_3®, DINT_INTIGA, rank, dima);

Fill the stored-data areay with valoes. *
Ear [1 = 0; 1 = ¥_LENGTI; 3+3]
Poxr (1 & 0; L < X_LEMGTH: i++)
I

arcay_datafjl (1] = {1 = 3} + 1;

Duline che locarion, pattacn, ardd size of chw daca aer 7
Eowr (1 = 93 & « vanki i++} [
mkark[Ll] = 0;

edgen[i] = dimalil;

S Welee the seored daca oo the *BEe_Areay 3° dava ser. The Cifth o

" arguresnt muek be eaxplicitly camk B & gEnsric poinksr ta cantarm )

* ko Ehe HOF API definition For Shecitedata. T
recn = SDwritesdata{sds_id, start. WLL, slges, [VOIDPFarray_datal |

/" Terninabe accass Es Eka arcay. =/
rien = Ghemdascass{sde_idh)

% Tarninates accsem Eo Eha 50 interfass and closs the 21ls, *)
rath = Shend{ad_idi;

TRANSIMS

FIFRTHRAMN:

FREIRAY FILLED ARRAY

integerdd =d_id, mdm_id, rank

Incegur dims(d|; wbaskid), sl stcldweil)

integar 1, 1, rekn

inceger sfetart, sforests, afwiscs, sfenclsoo, afend

DEROC_CRERTE and DENT_INTI1E are defined in bAf k.

inkagard OFACT CHEARTE. OFMT_LKTLE

integerdd E_LEWGTH, V_LEGTH

pacasatsr (DFACC_CAERTE = 4, DEFRT_INTiE =
T_LEMGTH = 16

incegerd: array_dacs (B _LEGATH. ¥ _LEWFTH)

Creaka &vd opsn the [ile asvd lmiviave che
, DFROT_CRENTE

md_i4 pfetart (' Bnmplal. bl

Gefing the rank and dimensioss of the daca set o ke creabed.

swank = I
dimmil}) E_LEMGTH

disa 12} = ¥T_LENGTH
Crasts the data mak.

asds_id = sicreatelsd_id. “Ex_arTay_3'

Flll chee Sromed-daca arvey sbth values.
do 20 4 = 1, ¥_LOWGTH
3 10 1 = 1. ¥_LENGTH
accsy Jdatadl, §1 = 1 + § 1
continue
conk e

[efinse the loccakblon, patberm, and mize af
Ehat will b= written Ea.

arartlly = 2

mEACE &) L
msdgen|l) i_LEWGTH
sdgan Iy = T
olydde 1 -

pEride i)

Write bthe stored data to thwe "Ex_arcay 1°

Fekn piwciatadnda_14, start, asvids, =iges,

Terminald achibEd To Cha Arcsdy

K m Bl e 1A%

Terminabe access to the 5D imtertace and olose the file.

parn = &0eedisd_1di

anc
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DS Interface Routines

Routine Name
Category Description
¢ Fortran-77
SDend sfend Closes the file and clean up memory.
Disposes of a data set identifier, flush out metadata and order infor-
SDhendaccess sfendacc "
Access mation.
SDselect sfselect Returns the identifier of the specified data sel.
SDstart sfstart Initializes the SD interface.
SDcreate sforeate Creates a new data set.
. sfrdata/ . .
SDreaddata , Reads a slab of data from a data set.
Read and sfredata
Write SDsetexternalfile sfsextf Defines the data type to be stored in an external file.
) sfwdata/ . . .
SDwritedata ! Writes a slab of data for a data set.
sfwedata
Shfileinfo sffinfo Returns information about the contents of a file.
SDgetinfo sfginfo Returns information about a data set.
Spidtoref sfid2ref Returns a reference number for a named data set.
General
Inquiry SDiscoordvar sfiscvar Distinguishes data sets from dimension scales.
SDnametoindex sfn2index Returns an index of a specified data set.
o o Returns the index of a data set corresponding to a given reference
SDhreftoindex sfrefZindex b
number.

TRANSIMS

Page 19 of 50




DS Interface Routines (continued)

TRANSIMS

spdiminfo sfdinfo Gets information about a dimension.
= - - . v ~ - -
| — Shgetdimid sfdimid Retrieves the identifier of a dimension.
| — Dimension - . . . .
. SDhsetdimname sfsdmname Associates a name with a dimension.
| — Scales
I . . .
Sbgetdimscale sfgdscale Returns scale values for a dimension.
B — - . . . .
% SDhsetdimscale sfsdscale Detines the values of this dimension.
] SDattrinfo sfgainfo Gets information about an attribute.
spfindattr sffattr Returns the index of the specified attribute.
User-defined ;
sfrnatt/ ) o ) e .
Attributes Shreadattr fromtt Reads the values of the specified attribute.
sSIrrc "
sfsnatt/ o .
SDhsetattr Creates and defines a new attribute.
sfscatt
SDgetcal sfgcal Returns calibration information.
Shgetdatastrs sfgdtstr Returns the label, limit, format and coordinate system of a data set.
SDhgetdimstrs sfgdmstr Returns the attribute strings for a dimension.
sfgfill/ . .
SDgetfillvalue g i Reads the fill value if it exists.
sfgofill
Predefined SDgetrange sfgrange Returns the range of values of the specified data set.
Attributes SDsetcal sfscal Defines the calibration information.
SDsetdatastrs sfsdtstr Defines the attribute strings of the specified data set.
SDeetdimstrs sfsdmstr Defines the attribute strings of the specified dimension.
sfsfill/ . . .
Shsetfillvalue . Defines the fill value of the current data set.
sfscfill
SDsetrange sfsrange Defines the maximum and minimum values of the valid range.
Compression SDsetcompress None Defines the compression method to be applied to data set data.
P P
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Vdatas (VS API)

The vdata object is a collection of records whose values are
stored in fixed-length fields.

The HDF Vdata model provides a framework for storing
customized tables, or vdatas, in HDF files.

The term “vdata” is an abbreviation of “vertex data” which
alludes to the fact that, when the object was first implemented in
HDF, it was designed specifically for the purpose of storing the
vertex and edge information of polygon sets. The vdata design
has since been generalized to apply to a broader variety of
applications.

= Vdatas are uniquely identified by

e aname,

e aclass

* and a series of individual field names

TRANSIMS Page 21 of 50
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Vdata Table Example

General vdata

= Vdata Name

Class
Class_1 /
> Field Name
| e |
Field | Field 2 Field 3
0.9 53 6.93
2.3 1.5 23.50
0.5 35 1.22
1.8 2.6 0,00

Fields %—*

TRANSIMS
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Example of Different Possible VVdata Structures

Simulation Data | Simulation Data | Simulation Data 1

=

E 2D_Temperature_Grid 2D_Temperature_Grid 2D_Temperature_Grid
X Y Temp XY Temp X, Y, Temp
2.30 1.50 23.50 230, 1.50 23.50 2.30, 1.50, 23.50
340 | 570 | 803 340, 570 8,03 340, 570, $.03
0.50 3.50 1.22 0.50, 3.50 1.22 0.50, 3.50, 1.22
1.80 2.60 0.00 1.80,  2.60 0.00 1.80, 2.60, 0.00

| Multi-Component Field

3 Single-Component Fields S , [ Multi-Component Field
’: P | Single-Component Field P

TRANSIMS Page 23 of 50
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|nterlaced and Non-Interlaced Vdata Contents

Vdata
Mixed_Data_Type
Temp | Height Speed | Ident
111 1 1111 A
2.2) 2 2222 B
333 J BRI | C

File Interlacing: FULL_INTERLACE

TRANSIMS

Vdata
Mixed_Data_Type
Temp | 111 2.22 3.3
Height | 1 EE
Speed | ILI1 | 2222 | 3333
Ident | A B C

File Interlacing: NO_INTERLACE

Page 24 of 50




Vdata I nterface Routines

Routine Mame

el C Fortran-77 e
Wend viand Closes the vdula interfuce.
Access Usbart wistart Imitializes the vdata interfce,
VEattach wsfatch Establishes access wo a specified vdata.
VEdetach wafdbch Terminales access o a specificd vidati

VHstormdata

vhisd vhisod

Writes data to a simple. single-component vidata

VHetoraedatam

whiacm whiacdm

Writes data Lo o simple, multi-compoment vdata.

Vel ine waffdet Dehines a new vilata field.
WwEsetslass srscls Assigns a class o a vdato.
Vosetfields valafld Specilics the vdata ficlds to be writlen Lo,
i VEsetinter lace wsisint Sets the intedace mode for a vdara,
Read and Write i
VEEEtname wefaram Assigns a name 1o vdata,
VSerite wehurt s fartc Writes records 1o a vdalta
VEread vafrdreirde Riads from a viata
VSaesk valsesk Secks o a specified record in a vdata,
| Facks field data into a balfer or unpacks leld data from a
VEpack ws frpalk e fopalk !
buller.
wElind welffd Searches Tor a given vdata name the opened HDF file.
File : o 3 :
VEgetid vefgid Returns the wdentifier of the next vdata in the file
Inguiry
Vslone veflone Fetums the vdatas that sre nod linked into vgrowps.

TRANSIMS
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Vdata I nterface Routines (continued)

VEleniar vefien: Tests for the existenos of ficlds in the specificd vdata,
- — WS rrpuire wefireg Retwrms informaticn abowt the specified voata.
= - " oy
= VEalbs wsislts Retwrns the number of records in the specified vdata,
I L1
% VEgetclass vsfcls Rerwrms the class name of the specified vdata,
% vagetfislds vefofld Retwrns all field names within e speciled vidata,
== vEgetinter lace wefgint Retneves the interlace masde of the specified vodata,
[ : s
| B VERSTISES wefomam Retrieves the name of the specified wvdata.
[ ©
—3 VP maf vafEiz Retwrns the lield sizes of the specified wdata.
Vilata
Inguiry WS uer e Lans Hore= Retwrns the class of the specified vdata.
VEQueryEields wsgEld Retwrns the field names of the specified vdata.
T w5 fgreme Renerms the name of the speafied vdata,
vEgueTytet HKones Retneves the relference number of the specilied vdata,
WEDET A o Retneves the tag of the specibied vdata,
WSO vefelts Retwrns the number of records in the specified vdata,
WECE Ty s LA wefgint Retwrns the interlace mode of the specified wdata.
VEuET s ize wsisiz Retrieves the kocal size in bytes of the specified vdwia recond,
VEEieldesize Horws Retrieve the field size (as stored ina Aked of a specified field,
Wwiieldisiza o Retneve the eld siee {as stored in memory | of a specifiied Geld.
Field WFEialdname Hores Retreves the name of the specified Aeld in the given vdat,
Ingpuiry Wi leldorder ot Retrieves the order of the specified fickd in the given wiata.
WFE Lelaiype Kot Retrieves the data type For the specitied fiekd in the given vdata.
WEE el Fore Retrieves the total number of Aelds in the specified wdata.

TRANSIMS Page 26 of 50



General Raster Images (GR API)

HDF users familiar with the SD interface will find the general
raster data model a simplified version of the SD scientific data
set model, customized to accommodate image data storage and
manipulation.

The raster image data is stored in a two-dimensional array and
attributes can be created for the image, the file or both.

= Palettes can be created and attached to the image as well as
compression method information.

m A fundamental difference between the SD scientific data model
and the GR raster data model is the absence of customizable
dimensional information in the GR data set.

=
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General Raster Image Data Set Contents

General Raster Data Set

i

Image Array

Array Name
Pixel Type
Dimension X

Dimension Y

Required

TRANSIMS

' ¢

Palette Image Attribute

l- name = IMAGE 1

Optional
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GR Interface Routines

Routine Name

Purpose Description
C Fortran-77
GRstart mgstart Initializes the GR interface for a given data file.
GRend mgend Terminates access to the file initialized by GRstart.
Access - :
GRselect mgselct Selects the data set to perform operations on,
GRendaccess mgendac Terminates access to the data set selected by GRselect or GRereate.
- mgrdimg/ . .

GRreadimage \ Reads image data from a general raster data set.
mgrcimg
mowrime / . .

GRwriteimage g9 Writes image data to a general raster data set.
MW LImg i

GRidtoref mgid2ref Maps an general raster data set identifier to a reference number.

, Maps the reference number of a general raster data set to a data set
GRreftoindex mgr2idx . . i
index and returns the index.
Read/write GRnametoindex mgn2ndx Maps a raster image name to an index and returns the index.

mgrdlut/ .

GRreadlut N Reads palette data from a general raster data set.
mgrclut
mgwr lut / .

GRwritelut e Writes palette data to a general raster data set.
mgwc lut
mgsnatt/ . . . .

GRsetattr S Writes the attribute of an object to a general raster dala set.
mgscatt -
mggnatt/ . . . .

GRgetattr mggcatt Reads the attribute of an object from a general raster data set.

TRANSIMS
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GR Interface Routines (continued)

| GRcreate mgcreat Creates a new general raster data set.
= - o Sets the interlace mode for the next palette read from a general raster
== GRreglutil mgrltil
N data sel.
= = . . . .
, , . Sets the interlace mode for the next image read from a general raster
GRregimagell mgrimil - =
= data set.
) GRgetlutid mggltid Allocates a palette id (o a general raster data se.
Maintenance
, ‘ Specifies that the image data of a general raster data set is a special
GRsetexternalfile mgsxfil .
element of an external element.
Sets the access to a general raster data set to be either parallel or se-
sRsetaccesstype mgsactp .
rial.
Makes the image data of a general raster data set a compressed spe-
GRsetcompress mgscomp .
cial element.
GRfileinfo mgfinfo Returns global information on the specified GR data set.
GRgetiminfo mggiint Returns information on the specified general raster data set.
Inquiry GRgetlutinfo mgglinf Returns information on a given palette.
CRattrinfo mgatint Returns attribute information on a given object.
sRfindattr mgfndat Returns the index of an attribute with the given name.
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Vgroups (V API)

A vgroup Is a structure designed to associate related objects.

Data organization within a vgroup resembles the UNIX file
system.

The general structure of vgroups are similar to UNIX directories
or subdirectories in that a vgroup may contain references to
other vgroups or data objects.

= In previous versions of HDF, the data objects in a vgroup were
limited to vdatas. Any HDF data object can now be included
within a vgroup.
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Vgroup Example

VYegroup

¥

Data

Data

TRANSIMS

Vegroup

VN

Data

Vgroup
»
Veroup
Data Data
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Vgroup Interface Routines

- — Routine Name
Category Description
= C Fortran-77
| — hoper: Opens the specified HDF file.
T — holose Closes the specified HDF file.
I
E— vistart Initializes the V interface.

B — Access _ .

% Vattach wiat Establishes access to a vgroup.
— vdetach wefdoch Terminates access to a vgroup.
—

— Vend vEend Terminates access 1o the V interlace.
Assigns a class to a vgroup.
Assigns a name (o a vEroup.
Create

Adds a vgroup or vdata to an existing vgroup.

Adds any HDF data object to an existing vgroup.

Returns the reference numbers of vgroups not included in other

File Inquiry VEToups.

Returns the reference number for the next vgroup in the HDF file.

Returns general information about a vgroup.

Returns the class of the specified vgroup.

Returns the name of the specified vgroup.

Vs Checks if a vgroup identifier belongs to a vgroup within a vgroup.
Visvs Checks if a vdata identifier belongs to a vdata within a vgroup.
. . i Retrieves a tag/ reference number pair for a data object in the speci-
v Vgettagret vEgttr . ;
Varoup Inquiry ficd vgroup.
) Returns the number of tag/reference number pairs contained in the
Vntagrefs wintr

specified vgroup.

et wigrxh Returns the identifier of the next vgroup or vdata in a vgroup.

Retrieves the tag/reference pairs of all of the data objects with a
vgroup.

Checks if an object belongs to a vgroup.

TRANSIMS Page 33 of 50



Annotations (DFAN and AN API)

When working with different data types, it is often convenient to
identify the contents of a file by adding a short text description or
annotation.

m An annotation serves as the label for a file or data element.

= As they are implemented as variable-length strings, HDF
annotations are designed to accommodate a wide variety of
information including titles, comments, variable names,
parameters, formulas, and source code.

= In fact, HDF annotations can encompass any textual information
regarding the collection, meaning, or intended use of the data.

A
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File and Object Annotations

= HDF File
%_ \ "This is a file label."
= "This is a file description.”
"This is another file label."
Y "This is another file description.”
File Annotations
A
SDS RIS24 RISS

A B

"This is an SDS label." "This is RIS24 description.”| | "This is a RIS8 description.”

Object Annotations
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DFAN Interface Routines

| Functions
—— Purpose Description
= C Fortran-77
DFANaddfid daafid Assigns a file label to a specific file.
B —
% DFANaddfds daafds Assigns a file description to a specific file.
— Write
= DFANputlabel daplab Assigns an object label to a specific data object.
DFANputdesc dapdesc Assigns an object description to a specific data object.
DFANgetfidlen dagfidl Returns the length of a file label.
DFANgetfid dagfid Reads the text of a file label.
DFANgetfdslen dagfdsl Returns the length of a file description.
DFANgetlds dagfds Reads the text of a file description.
Read
DFANgetlablen dagllen Returns the length of an object label.
DFANgetlabel daglab Reads the text of an object label.
DFANgetdesclen dagdlen Returns the Iength of an object description.
DFANgetdesc dagdesc Reads the text of an object description.
DFANIablist dallist Gets a list of all the labels in a file for a particular tag.
General Inquiry Returns the reference number of the last annotation
DFANIastref dalref _ ' o
accessed.

TRANSIMS Page 36 of 50




Limitations

= H-Level Limits
» files open at a single time: 32
e access records open at a single time: 256
o filesize: 1 GB (?)

= Vdata Limits
* fields in a Vdata: 256

= SD Limits
« attributes for a given object: 3000
 maximum dimensions per data set: 5000
 maximum variables per data set: 5000
 maximum per variable dimensions: 32

| —
-
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|
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HDF Version 5 Preview

no file size restrictions
improved performance

= parallel input/output

e MPI

* network-of-workstations

= object-oriented
» backward-compatible
=  hetCDF-compatible

i

TRANSIMS
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Public Domain HDF Software

NCSA HDF Utilities
e conversion utilities
» tools for analyzing the contents of an HDF file
» tools for manipulating HDF files
s NCSA Java-based HDF Viewer
e an interactive tool for viewing an HDF file
= NCSA X DataSlice

» allows the user to manipulate 3D images under X11, using the
HDF file format and libraries

= DDI

» extracts only the relevant data and providing it to a chosen
graphics engine in the required form without undue effort

* reads and writes a number of publicly available file formats

* sends data to public domain and commercial visualization
systems
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Public Domain HDF Software (continued)

= Envision

e an interactive system for the management and visualization of
large scientific data sets

* runs under X/Motif
* manages data stored in HDF or netCDF files

» does visualization using IDL, NCSA Collage, and NCSA
XDataSlice

= GRASS

* an integrated set of programs designed to provide digitizing,
iImage processing, map production, and geographic information
system capabilities to its users

= HDF Browser
o for Windows and Macintosh
» offers point-and-click access to data stored in the HDF format

| —
| —
-
| —
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|
I
%
I
—
I
—

TRANSIMS Page 40 of 50



| —
| —
-
| —
| —
|
I
%
I
I
—
I
—

Public Domain HDF Software (continued)

s HDFLook

» Motif HDF viewer, useful for quality control of Scientific Data
Sets

» allows easy access to physical values and ancillary data, and
includes 2-D graphics (radial, histogram)
= LinkWinds

» visual data analysis and exploration system designed to rapidly
and interactively investigate large multivariate and
multidisciplinary data sets to detect trends, correlations and
anomalies

= Ingrid
» designed to manipulate large data sets and model input/output
» reads and writes netCDF files, writes HDF files

» generates plots, including line, contour, vector, and scatter
plots, as well as histograms
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Public Domain HDF Software (continued)

m SciAn

» scientific visualization and animation package for Silicon
Graphics workstations

» brings together the power of 3-dimensional scientific
visualization and movie making with the ease of use and
familiarity of object-oriented drawing packages

s VCS

 facilitates the selection, manipulation, and display of scientific
data

* user gains virtually complete control over the appearance of the
data display and associated text

= VISTAS

e an interactive, large volume data browsing and probing
environment

| —
| —
-
| —
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Commercial HDF Software

AVS

* |ncorporates latest advances in visualization software, graphics,
networking, high performance systems, and industry standards
into a single comprehensive visualization environment

« oOffers data input and output modules which will read and write
files in HDF format

= Data Explorer

» general-purpose software package for data visualization and
analysis

n ER Mapper

* an advanced digital image processing and remote sensing
system created to help earth scientists integrate, enhance,
visualize, and interpret their geographic data

» allows truly interactive “real time” integration and processing of
data

| —
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-
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Commercial HDF Software (continued)

IDL

» software package for data analysis, visualization, and
application development

» advanced image processing, interactive 2D and 3D graphics,
insightful volume visualization, a high-level programming
language, integrated mathematics and statistics, flexible data
I/0O, a cross-platform GUI toolkit, and versatile program linking
tools

= IRIS Explorer

o powerful yet easy-to-use sophisticated visualization system with
a user environment that allows users and application
developers to build complex applications for visualizing sets of
data.
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Commercial HDF Software (continued)

Noesys

» opens HDF files, displays their full contents, and provides
editors for working with all of the types of scientific data that can
be stored within an HDF file

* Includes a powerful Fortran-based data manipulation language,
along with easy-to-use visual data analysis tools, Plot,
Transform, and T3D, for menu driven plotting, rendering, and
image analysis

« can import any ASCII and binary data, create annotations,
macros, images and color palettes specific to the data and save
it all as an HDF file

m PV-Wave

» for solving problems requiring the application of graphics,
mathematics, numerics, and statistics to data and equations.

= MATLAB

=
| —
-
| —
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|
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Web Site — http://hdf.ncsa.uiuc.edu/
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TRANSMS Data Requirements

metadata’

variety of data formats
 tabular/relational’
« multidimensional arrays”
e bitmaps (?)

= large data sets*

= Indexing

= sorting”

= filtering”

= compression?

= parallelism*

= high-performance?

= platform-independence”

“supported fully by HDF4 "supported patrtially by HDF4
*to be supported by HDF5 Tsupported by HDF-compatible analysis software
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TRANSMS Data Files

database subsystem files

* network data tables

* microsimulation output specifications
plan files
» planner output files (text)

o post-processed plan files (binary) for input to CA
microsimulation

= Simulation output subsystem files
» evolution/trajectory data
e eventdata
 summary data

= post-processed simulation output
» various ad-hoc formats

I
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Possible uses of HDF in TRANSMS

= a platform-independent file import/export format

= a bridge to numerous data analysis and visualization software
packages

m a native format for all TRANSIMS data

| —
-
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Future Plans for HDF in TRANSMS

= develop HDF connectivity to current TRANSIMS files
« import/export utility for the TRANSIMS database subsystem
« export utility for the TRANSIMS simulation output subsystem

= evaluate HDF-compatible data analysis and visualization
software

= monitor progress on HDF5 and consider it as a candidate for the
native TRANSIMS data format in the future

» parallel input/output needed
» support for very large data sets needed
o C++ and Java interfaces needed
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